Each of more than 30 monoclonal antibodies that had been raised against Mycobacterium leprae and previously classified as reactive with carbohydrate was shown to be directed against lipoarabinomannan, a prominent, highly pervasive, myo-inositol-phosphate-containing, cross-reactive antigen within the leprosy bacillus. Some of the antibodies preferentially bound to the lipopolysaccharide of M. leprae rather than to that of Mycobacterium tuberculosis, suggesting the presence of distinguishing structural features. The presence of alkali-labile inositol 1-phosphate in the lipopolysaccharide from M. tuberculosis and its apparent absence from the M. leprae product may account for the difference.
In a recent report (7) , we presented the chemical characteristics of a lipopolysaccharide from Mycobacterium leprae and Mycobacterium tuberculosis which we called lipoarabinomannan B (LAM-B), a molecule previously referred to in discussions of the tubercle bacillus as arabinomannan since as a product of alkaline extraction, it was usually ester-free; arabinomannan of M. tuberculosis has long been recognized as an antigen (4, [12] [13] [14] [15] [16] . There are two other major carbohydrate-containing molecules in M. leprae and M. tuberculosis, resolvable by gel electrophoresis of ethanol extracts (7) . One of these was originally called LAM-A (7); however, it is virtually devoid of arabinose (S. W. Hunter, unpublished observations) and hence is now called lipomannan (LM). The other is composed of a mixture of the common mycobacterial phosphoglycolipids, the phosphatidylinositol mannosides (PIM) (6) (S. W. Hunter and G. A. Hirschfield, unpublished observations). Western blot (immunoblot) analysis using a murine monoclonal antibody and human lepromatous leprosy sera identified LAM as the only antigen in the extracts; LM and PIM were not reactive (7) . Similar polyacrylamide gel-immunoblot results have been reported by others (1-3, 8, 9, 11) ; however, in only one instance (3) did human sera bind to bands which resemble our LM and PIM. In the absence of parallel chemical characterization by these earlier workers, it now seems obvious that LAM is the predominant, highly pervasive antigen of M. leprae.
After Polyacrylamide slab gels (5 by 8 cm) were polymerized by using 15% acrylamide with 0.016% bisacrylamide (both from U.S. Biochemical, Cleveland, Ohio) as described previously (7). LAM-containing crude preparations were dissolved in loading buffer at a concentration of 2 mg/ml, and 3 ,ul was loaded into each well of a Mini Gel device (Bio-Rad Laboratories, Richmond, Calif.) and electrophoresed at a 20-mA constant current. Silver staining was a composite of two methods previously described (7) . The polyacrylamide gel patterns were transferred to nitrocellulose (Bio-Rad) in Tris-glycine-methanol buffer by using a constant 4 V/cm field. The nitrocellulose sheets were blocked in 2% terns were transferred to nitrocellulose sheets for immunostaining (Fig. 1) . These initial extracts were deliberately not further processed (7) and were overloaded onto gels to test the antigenicity of all soluble, electrophoresable carbohydrates. Antibody 906.43, all 12 antibodies of the SAl series, and the L9 antibody were used to probe the gel patterns; all were used as diluted ascitic fluids at an arbitrary 1:250 dilution. A representative sample of the results, along with a silver-stained gel and a gel probed with concanavalin A, is shown in Fig. 1 . In all instances, the antibodies were reactive only with LAM, although some binding to more slowly migrating material could sometimes be seen. Binding to the LM and PIM bands was not observed. Antibodies 906.43 and L9 (both IgG3) reacted equally well with LAM from M. leprae or M. tuberculosis, whereas the SAl series antibodies generally reacted better with M. leprae-derived LAM. These antibodies were also deliberately overloaded so that binding to the mannosyl units of LM or PIM could be detected, if such existed. When antibody A12D was used at a final dilution of 1:4,000, the binding was seen to be directed exclusively to LAM of M. leprae. This was true for five of the SAl series antibodies tested in this manner (results not shown) and is expected for all of them based on plate ELISA data (see below). Note also that whereas concanavalin A reacted with LAM and LM from M. leprae, binding to LAM from M. tuberculosis was weak, again pointing to structural differences between the LAMs from the two species.
Five of the monoclonal antibodies (906.43, L9, AlOG, D11E, and D11G) were titrated on pure LAM plated on polystyrene plates at 50 ng per well (Fig. 2) Titration of pure LAM with five monoclonal antibodies. LAM extracted from lyophilized M. leprae or M. tuberculosis with refluxing 70% ethanol was purified by the use of a phenol biphasic wash and anion-exchange chromatography in detergent-containing buffer (7) . LAM quantitation is in micrograms per milliliter, assayed as mannose equivalent units by the phenol-H2SO4 method as described previously (7) . Pure (Fig. 2) . Antibody AlOG showed a less dramatic preference for M. lepraederived material: approximately 250-fold more antibody was required to achieve an ELISA value of 1.0 when tested on LAM from M. tuberculosis (dilution of 1:1,000) than on LAM from M. leprae (1: 256,000) . The entire collection of 12 monoclonal antibodies from the SAl fusion was compared with the 7 antibodies of the 900 series and the L9 antibody by testing the ascitic fluid at two dilutions per antibody and then comparing the ratio of ELISA absorbance for M. leprae LAM to that for M. tuberculosis LAM. The collated results of this simplified test indicate that all of the 900 series antibodies and L9 can be grouped together, reacting equally well with the LAM from either source. However, all of the SAl antibodies form a second group, being up to fivefold more reactive with the LAM from M. leprae than with that from M. tuberculosis. Thus, the 30 anti-LAM antibodies fall into two distinct groups. One group, comprising the 900 series monoclonal antibodies and antibody L9 (1), are all of the IgG3 subclass and reacted equally well with the LAMs of M. leprae and M. tuberculosis. The 12 antibodies in the SAl series are of the IgGl subclass and were much more readily reactive with the LAM of M. leprae than the LAM of M. tuberculosis. This distinct grouping of antibodies forces us to conclude that the LAM molecules extracted from the two species are different. The difference in concanavalin A binding and the slight but reproducible difference in electrophoretic mobility also indicate some qualitative distinction between the two LAM molecules.
An ELISA reading is an empirical value which is dependent on the amount of antigen on the plate, the affinity of the antibody-antigen interaction, and the kinetics of binding. Many antibodies display diffusion-controlled binding kinetics in solution, with affinities strong enough for binding to be considered irreversible for practical purposes. For these antibodies, the ELISA reading is a measure of antigen when antibody is saturating and a measure of antibody when antigen is in excess. Antibodies of high affinity having slow on-rate kinetics will give ELISA readings which are a more complex function of both antibody and antigen concentrations unless care is taken to be certain that equilibrium is reached (at long times). Low-affinity antibodies are characterized by a low on-rate/off-rate ratio; the individual rates may be fast or slow. If both rates are slow, then the ELISA reading will be a measure of affinity if equilibrium is reached (at long times), but if both rates are fast, dissociation of bound antibody may change from the equilibrium value during the washing steps and again be a complex function of antibody and antigen concentrations.
The straightforward interpretation of the data presented here is that two distinct epitopes exist, one defined by the 900 series antibodies and L9 and the other defined by the SAl series. The first is present in LAMs of both M. leprae and M. tuberculosis. The second is found on the LAM from M. leprae, but not necessarily exclusively so. Since the SAl series of antibodies showed significant binding to the LAM from M. tuberculosis at high concentration (a 200-fold increase in concentration for antibody AlOG; Fig. 2) , an epitope similar to that on the M. leprae product exists in M. tuberculosis. The SAl antibodies would be interpreted as having lower affinity for this M. leprae-like structure. We do not believe that these possibilities are resolvable by using ELISAs, unless clear inhibition or cross-reactivity studies using fragments of LAM or related polysaccharides can be performed. We have tested yeast mannan, mannose, amethylmannoside and a-and 3-methylarabinofuranoside without detecting cross-reactivity by inhibition ELISA. The work of Misaki et al. (12) suggests an a(1->5)-linked arabinofuranosyl epitope.
Another explanation, for which precedents are not known to us, is that the epitope for the 900 and SAl series of antibodies is the same but that a component present on the LAM from M. tuberculosis inhibits the binding of one set of antibodies and, being absent on the LAM from M. leprae, does not inhibit the other group of antibodies. Some support for this scenario is found in the structures of the LAMs from M. leprae and M. tuberculosis. Recently, we reported that LAMs from both M. leprae and M. tuberculosis are unexpectedly complex, containing arabinose, mannose, glycerol, and myo-inositol 1-phosphate, in addition to lactate, succinate, palmitate, and 10-methyloctadecanoate (7). Since then, we have found that the long-chain fatty acids, glycerol and inositol phosphate, in the LAMs from both M. leprae and M. tuberculosis occur as covalently bound phosphatidylinositol (S. W. Hunter and P. J. Brennan, unpublished observations). However, in addition, LAM from M. tuberculosis also contains alkali-labile inositol phosphate (7), presumably in phosphodiester linkage to some of the sugar units; inositol phosphate in this form appears to be absent from the M. leprae product. Accordingly, it can be suggested, pending further evidence, that the presence of such inositol 1-phosphates on the LAM from M. tuberculosis partially inhibits binding of the SAl series antibodies to a(1-+5)-linked arabinofuranosyl, the primary epitope, but does not affect recognition of the same epitope by the 900 series of antibodies. In view of the dominant immunogenicity of LAM, its copiousness, and its peculiar pervasiveness in all subcellular fractions of M. leprae, these are important questions that perhaps only detailed chemical analysis will answer.
